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Botany of Russian Thistle.
BY L. H . PAMM EL.
The widespread interest manifested in onr state and elsewhere in 
the northwest indicates that the Russian Thistle (Salsola kali, 
variety traqus), is a miserable and execrable weed, doing much 
injury to agriculture.
At the request of the Director of the Experiment Station I  have 
devoted a little time to the botany of this weed. Some attention 
has therefore been given to the study of the weed, its germina­
tion, the anatomy of the root, stem, leaf and seed. A study of the 
anatomy will be of interest, because its structure may best adapt 
it to growing on high, dry soil. Professor L. H. Dewey says:
The Russian Thistle grows best on high, dry soil, where it is not much 
crowded by other plants. I t is seldom seen in sloughs or low land, and 
makes no progress in the native prairie, except where the sod has been 
broken by badger burrows or by the overfeeding and consequent tram ping 
of cattle on the ranges. In all places it is more abundant and more robust 
in dry seasons.
NATIVITY OF THE W EED.
Linnaeus, according to Dewey, seems to have been familiar 
with the plant, as it occurred in eastern Europe. The common 
Saltwort (Salsola Jcali L.), is a common plant of our Atlantic coast, 
and many botanists, till recently, have referred the Russian Thistle 
to this species. The writer several years ago, in response to 
queries, referred it to this species, but it is quite distinct from 
that plant. The Russian Thistle is known as (Salsola kali L., 
variety tragus, DeCandolle), and is native to the plain of South­
eastern Russia and Western Siberia. Senator Hansbrough* says, 
in regard to the thistle in Russia:
Prince Galitzen tells me that four years ago, when he left Russia, he 
passed through the southwestern portion of Siberia, and there found 
stretches of thistle for live or six hundred miles in the most fertile parts of 
tha t country. I t  had driven every farm er out of that section. He also tells
1
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me that the Russian government, which has been engaged in the great w ork 
of irrigation and putting in large irrigating ditches in southwestern Siberia 
for some years, has abandoned the project, chiefly on account of the thistle. 
He states th a t the pest has overrun the country, largely in the provinces of 
Orel and Kiev, which comprise the most fertile agricultural region in Rus­
sia, and th a t the peasant farm ers are simply fleeing in te rro r before it.
In regard to the distribution of this weed in the United States, 
no one has looked this up more carefully than Mr. Dewey, who 
says:
The p lant was first introduced into the Uuited States in 1873 or 1874, in 
flax seed brought from Russia, and sown near Scotland, Bonhomme county 
South Dakota. The land there is somewhat hilly, and corn is the chief crop 
raised, so that, owing to the wooded ravines and the standing cornstalks 
the Russian Thistle was at lirst slow in spreading. Iu  1877 it first appeared 
in Yankton county, east of Bonhomme; and five years la ter it had spread to 
the counties to the north and west of Bouhomme. I t continued gradually 
to cover new territory  until 1888, when it had infested most of the counties 
between the Missouri and Jam es rivers south of the Huron, Pierre and Dead- 
wood Division of the Chicago & N orthwestern railway. The strong winds 
during the w inter of 1887-88, followed by the dry sum m er of 1888, and 
probably a fresh im portation of seed into the flax fields of Faulk or M cPher­
son counties, caused the weed to spread within two years to nearly all the 
rem aining counties between the Missouri and Jam es rivers in South Dakota 
and to infest the southern tier of counties in North Dakota. At about the 
same time it invaded northern Iowa and northeastern Nebraska.
Prof. Dewey’s map indicates that the badly infested area extends 
from the east bank of the Missouri river at Bismarck to Jamestown 
and Moorehead, in North Dakota, south to Sioux City, in Iowa; 
and also occurring in many isolated places in Minnesota, Wiscon­
sin, Iowa, and Denver, Colorado. The localities at which he found 
it in Iowa are Rock Rapids, Emmetsburg, Spencer, and west to 
the Missouri river, Council Bluffs, and on the Missouri river opposite 
Nebraska City. To these we must add Edna, Ames, Little Rock 
(Ball); Calumet (Louthan), Missouri Yalley, Mason City, Eagle 
Grove, and in all probability it occurs along our great trunk lines 
across the state. Last season Mr. Gr. W. Carver found a small 
specimen of what undoubtedly was Russian Thistle along the Chi­
cago & Northwestern railroad; the place was revisited this year, 
and an abundance of the weed was found. A few days later Messrs. 
Robt. Combs and C. B. Weaver found several localities between 
Ames and Ontario, and Mr. Sheldon reported it in the Ames 
stock yards. As to its probable early appearance in Iowa 
we have reliable data. Prof. A. S. Hitchcock, an excellent 
observer and collector, reported it from Woodbury county in 1888,
3
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and Mr. R. I. Crattyi, of Emmetsburg, reported it from Emmet 
county in 1890 or 1891. It has also been sent to me from Ells­
worth, in Noble county, Minnesota, close to the Iowa line. Mr. 
G. W. Carver found great quantities of it near Chicago, at Turner 
Junction, and J. J. cMahon from Peatone, Illinois.
It occurred as early as 1890 in Wisconsin. The writer, in 
recently looking over a collection of specimens made in the vicinity 
of Prairie du Chien, in 1890, found a specimen of Russian Thistle, 
and as recalled to me on seeing the specimen, the species was 
growing in considerable quantity along the sandy embankment of 
the river and railroad, not far from the railway station. It is 
not unlikely that it spread eastward along the Chicago, Milwaukee 
and St. Paul railroad for considerable distances.
WEEDS MISTAKEN FOE RUSSIAN THISTLE.
Spiny Nightshade.—I have had repeated letters and queries in 
regard to the Russian Thistle. Many have mistaken several other
—  1 2  —
PLA TE III.
F i g u r e  1. Spiny N igh t Shade (Solarium rostratum  D unal), w hich h as fre q u e n tly  been 
m is tak en  fo r R u ssian  T h is tle . (From  Am. Agrl.)
spiny plants for it. One of the weeds most commonly supposed to 
be Russian Thistle is the Spiny Nightshade (Solanwn rostratum),
iG ra y ’s M anual. 6 th ed ition , p. 734.
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PL A T E  IV.
h o r s e  n e t t l e  (Solarium, carolinense), show ing p rick ly  leaves and  stem . F low ers te rm in a tin g  th e  
stem , b e rries  show n to  th e  r ig h t. (U. S. Dept, of Agrl.)
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which is becoming quite widely distributed in this state; it is a 
member of the potato family, an annual, with large, conspicuous 
yellow flowers, spiny leaves and branches, the leaves somewhat 
resembling a melon.
Horse Nettle.—The Horse Nettle (Solatium carolinense), widely 
distributed in southern Iowa, has white or bluish purple flowers, 
resembling those of the potato, a spiny stem and somewhat spiny 
leaves. It is a deep-rooted perennial.
Prickly Lettuce.—Another weed, all too common in many parts 
of Iowa, especially in meadows, in the streets of cities and along 
the roadsides, and a pest in lawns, has lately been regarded as the 
Russian Thistle by many; it is the Prickly Lettuce (Lactuca scar- 
iola). The stem, leaves and flowers exude a milky juice when 
broken; the leaves and stem are soft spiny, and the yellow flowers 
are borne in small heads. Prickly Lettuce is an annual or biennial, 
and is related to cultivated lettuce and dandelion.
Tumble TPeeds.—The Russian Thistle resembles in a striking 
manner one of our common Tumble weeds of Iowa (Amarantus 
albus.) It also resembles another Tumble weed of the plains, 
the (Cycloloma atriplicifolia). The Cycloloma belongs to same 
Family as the Russian Thistle ( Chenopodiacece)■ These Tumble 
weeds are common on the plains, but only one, the Amarantus 
albus, is common in this state. Russian Thistle differs from this 
plant in that the leaves are green in color and spiny, when flower­
ing and fruiting. The leaves of the Russian Thistle are not flat­
tened, but narrow and needle-like.
TECHNICAL DESCRIPTION.
It may be well here to give a technical description, as drawn up 
by Prof. L. H. Dewey:
Salsola ka li tragus  (L.) Moq. in D. Prod., X III, 2, 187 (1849). An 
herbaceous annual, diffusely branching from the base, 0. 5 to 1 m. (1 | to 3 
feet) high and twice as broad, smooth or slightly puberulent; tap root, dull 
white, slightly tw isted near the crown; leaves alternate,sessile; those of the 
young plant deciduous, succulent, linear or subterete, 3 to 6 cm. (1 to 2 
inches long, spine-pointed, and with narrow, denticulate, membranaceous 
m argins near the base; leaves of the m ature p lant persistent, each subtending 
two leaf-like bracts and a flower a t intervals of 2 to 10 mm. (about -fa to 
of an inch), rigid, narrow ly ovate, often denticulate near the base; spine 
pointed, usually striped w ith  red like branches, 6 to 10 mm. (^  to &  of an 
inch) long; bracts divergent, like the leaves of the m ature p lant in size and 
form; flowers solitary and sessile, perfect, apetalous, about 10 mm. of 
an inch) in  diam eter; calyx membranaceous, persistent, inclosing the 
depressed fruit, usually rose-colored, gamosepalous, cleft nearly to the
7
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PLA TE V.
P r i c k l y  L e t t u c e  (Lactuca scariola). (From  B ull. W isconsin A g ric u ltu ra l E x p e ri­
m en t S ta tio n .)
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L a n c e - L e a v e d  T h i s t l e  (Cnicus lanceolcitus, Hoffm.), w hich is occasionally  m is tak en  fo r R ussian  
T h is tle . T h i p la n t is also  one of th e  w eeds inc luded  in o u r weed law s. (U. S. D ept, of A grl.)
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base into five unequal divisions about 4 mm. ( |  of an inch) long, the upper 
one broadest, beariug on each m argin near the base a m inute tu ft of very 
slender coiled hairs, the tw o 'nearest the subtending leaf next in size, and 
the lateral ones narrow, each with a beak-like connivent apex, and bearing 
midway on the back a membranaceous, striate, erose-margined horizontal 
wing, about 2 mm. (j>j  of an inch) long, the upper and two lower wings 
much broader than the lateral ones; stam ens 5, about equaling the calyx 
lobes; pistil simple; styles 2, slender, about 1 mm. (2^  of an inch) long; seed
1, obconical, depressed, nearly 2 mm. (/g of an inch) in diameter, dull gray 
or green, exalbuminous, the thin seed-coat closely covering tue spirally- 
coiled embryo; embryo green, slender, about 12 mm. (£ inch) long when 
uncoiled, w ith two linear subterete cotyledons. The plaut flowers in Ju ly  
or August, and the seed m atures in September or October. At m aturity  the 
action of the wind causes the root to break with a  somewhat spiral fracture- 
a t the surface of the frozen ground, and the p lant is blown about as a Tum ­
ble weed. The m ature flower, with the enclosed seed, is held in place in the 
axils of the bracts by the two minute tufts of coiled hairs, preventing the- 
seeds from falling all a t once when the p lant begins to roll.
ANATOMY OF THE PLANT.
We may now consider very briefly the anatomy of the stemr 
leaf and seed. It is well known that many plants offer certain 
peculiarities because of their adaptation to different climatic con­
ditions. The arrangement and distribution of the stomata, char­
acter of plaut hairs, may be mentioned as factors which influence 
the development of a plant. The amount of food the plant can 
make has a very direct relation to the assimilating system of the 
plant, that portion which contains chlorophyll. Every plant pre­
sents different phases in its development, and sometimes different 
stages of the same plant look wholly unlike. The Russian Thistle 
has two well pronounced stages, the vegetative, in which all the 
energies of the plant are used to build up its fabric, to elaborate 
food, which is used for the enlargement of cells already formed 
and the formation of new cells. In this succulent or vegetative 
stage the plant may be used as fodder for various animals. In the 
second or reproductive stage the energies of the plant are used to 
form seeds. The numerous leaves mostly fall and wither, the stem 
becomes red, but the bracts surrounding the flower are dark green 
or yellowish green and expanded. The elaborated food of the 
plant is made in close proximity to the flower, and thus less energy 
is required to conduct the material to where it is needed.
We may now inquire what is assimilation? The term as used in 
vegetable physiology, means the appropriation of carbon com­
pounds, e. g., the conversion by the plant through the agency of 
chlorophyll grains (found in green parts of plants) of inorganic
10
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into organic matter. The materials used for this purpose are water, 
which comes from the soil, and is absorbed by the younger parts 
of the root and root hairs. The carbon dioxide or carbonic acid 
and minute amounts of certain inorganic matters, especially potash.
Root.—The root offers few striking peculiarities; from the 
beginning it rapidly extends down in the soil, and in specimens 
scarcely more than half mature it attains a length of a foot and 
more, having numerous small lateral roots and rootlets. It will 
thus be seen that the plant need not suffer for want of moisture. 
In fact, the plant does better in dry weather than wet, largely 
because it is not crowded so much by other plants. If a root of a 
half matured plant is pulled up it will be found to be strong and 
woody. Microscopically it has the same structure as found in roots 
of related plants. The ducts are large and well developed.
Stem. —An examination of the green stem with the naked eye 
will show that it consists of usually eight longitudinal ridges 
which are somewhat more prominent than the channels and lighter 
in color; these usually contain the plant hairs (trichomes); the 
channels are darker and, as a rule, are smooth. A thin section 
cut across the stem and placed under the microscope will show 
that the stomata are distributed in the channels. The epidermal 
cells are thick walled and colorless, except the guardian cells of the 
stomata which are colored green. The stomata connect with the 
assimilating portion. The stout, thick walled hairs are roughened 
■on the edges and gradually taper to a point and arise from the 
ridges. A further study will show that the channels are darker in 
■color and contain a dense layer of chlorophyll bearing cells. With 
advancing age the ridges assume a red color which gradually 
spreads to neighboring parts, thus hairs, thick walled cells and 
some of the chlorophyll bearing cells are also colored red. When 
colored in this way it resembles other members of the Goosefoot 
Family ( Chenopodiacece), especially common Goosefoot or Pigweed 
( Chenopodium album).
The assimilating portion is restricted almost entirely to the 
channels, and consists of two layers of cells, a, green palisade par­
enchyma, elongated cells, and b, underneath this a layer of irregu­
lar green cells. Occasionally more than two layers of cells contain 
•chlorophyll but this is unusual. The assimilating layer is followed 
by a layer containing several layers of cells very unequal in size. 
These are provided with intercellular spaces. This layer also con­
tains sphere crystals. The number of these sphere crystals 
occurring in a single cross section varies. Another form of
11
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R u s s i a n  T h i s t l e , a  m a tu re  p lan t, b seedling , ab o u t'tw o  w eeks a f te r  g erm ination , 
n a tu r a l  size, c flow er d e ta c h e d  from  th e  ax il and  rem ain in g  suspended  by m in u te  ha irs  
1n th e  o rd in a ry  in v e rted  position  on a  ro lling  p la n t  en la rg ed  3 d iam e te rs , d flower 
v iew ed from  above and  In fro n t, show ing th e  ca ly x  lobes fo rm ing  a  cone-shaped body, 
an d  th e  la rg e  m em branaceous sp read in g  wings, en larged  3 d iam eters , e seed, w ith flower 
p a r t  rem oved; en la rg ed  5 d iam eters , f  em bryo  rem oved from  th e  seed, en la rg ed  7 
d ia m e te rs . A fte r  L. H. Dewey, U . S. D ept, of A gr., B ull. No. 15.
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crystal occurs in the pith portion of the stem. These crystals 
are smaller and do not appear as stellate masses. At first sight 
with a low power they looked like amorphous deposits, but a 
higher power shows that they are crystalline in their nature. A 
thin cross section of a leaf shows usually five of these sphere-crystal®, 
but none of these irregular deposits. I thought at first that the 
irregular deposits in the pith might be common salt, but Prof. 
Beyer, who made an examination for me, thought they had the 
same general structure as the stellate crystals and a microscopical 
test made later showed them to be of the same chemical composi­
tion, namely, oxaltate of lime, a substance widely distributed in the 
cells of living plants, like clover, especially abundant in rhubarb 
and members of the Goose-foot Family (Chenopodiacece) to which 
the Russian thistle belongs. Russian thistle and other members 
of this Family have a slightly acrid taste and this acridity may be 
due to those crystals.
The remainder of the stem consists of the vascular portion, 
strengthening fibers and pith. The strengthening fibers are 
especially well developed on the ridges and between the fibrovas- 
cular bundles. These cells are thick-walled in old specimens, long 
and fusiform. The large pith cells are irregular in shape, thin 
walled and provided with pits. The vascular portion forms a ring 
encircling the whole stem, the outer portion is the soft bast, the 
large ducts and woody elements are closely associated with the 
latter. These woody elements give to the plant strength and 
hardness.
Leaf.—Microscopically the leaf is very much like the stem as 
regards the assimilating portion. A single layer of palisade par­
enchyma followed by a dense layer of short green cells, these 
connect with small fibro vascular bundles in the center of the leaf.
Seed.—The seed is attached horizontally, surrounded by the 
persistent calyx. It is without endosperm or albumen, technically 
said to be exalbuminous. Pea, bean, pumpkin, and apple are 
of this class. Corn and wheat have a great deal of nourishing 
material stored outside of the embryo. Such seeds are called albu­
minous.
This year the nearly mature seeds occurred on the first of August. 
The embryo is greenish or dull gray, fills the whole seed and 
is coiled in a conical spiral. A cross section made through the 
seed shows different parts of the embryo and also the seed-coats. 
These seed-coats consist of two portions, a layer of three rows of 
elongated cells followed by a layer of three rows of irregular, par-
13
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F i g u r e  1. Cross-section of stem  th ro u g h  one of th e  ridges, a  ep id erm al cells, b 
th ic k  w alled , s tre n g th e n in g  fibres, c pa lisad e  p a ren ch y m a  co n ta in in g  ch lo rophy ll 
g ra in s: d  u n d e rly in g  ch lo ro p h y ll b ea rin g  lay er, e p aren ch y m a  jo in in g  on to  v a s­
c u la r  po rtion . G re a tly  m agnified.
F i g u r e  2. P la n t  h a ir  ( tr ic h o m e ) su rface  view show ing sm all la te r a l  p ro jec tio n s; 
and  th ic k  cell-w all. b su rface  view of ep id erm al cells.
F i g u r e  3. C ross-section of lea f m ore m agnified th a n  in figure 5. a  ep id erm al 
lay e r, b c a ss im ila tin g  po rtion , b pa lisade  lay e r , c u n d erly in g  g reen  p a ren ch y m a  
lay er, d  one of th e  sp he re  c ry s ta ls , e p a ren ch y m a  cells.
F i g u r e  4. a  stom a, b r i f t  o r opening of s to m a w hich allow s of an  exchange of 
gases an d  tr a n sp ira tio n , c ch lo rophy ll g ra in s in  one of th e  g u a rd ia n  cells. e o th e r  
ep id erm al cells. G rea tly  m agnified.
F i g u r e  5. C ross-section of leaf, a  ep id erm al lay e r, b a ss im ila tin g  po rtion , c 
trichom es. d  one of th e  sp h e re  c ry s ta ls , e sec tion  th ro u g h  vein , th e  d a rk e r  shaded  
woody p a r t  of bund le , f  co lorless p a ren ch y m a cells d iv id in g  th e  lea f  in tw o p a rts .
F i g u r e  6. P a re n c h y m a  cell from  p ith  of stem  co n ta in in g  sm a ll c ry s ta ls  of o x a la te  
o f lim e. G rea tly  m agnified.
P L A T E  V I FI.
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enchyma cells. One side of the seed coat is wider and these cells 
contain an abundance T»f calcium oxalate crystals. The outer layer 
of the cells of the embryo are somewhat elongated. The remain­
der are nearly as broad as long. These contain no starch but 
albuminoids and fats.
Germination.—The process of germinating begins in the course 
of ten to twelve hours in blotting paper.. The seed absorb­
ing water which causes the embryo to swell. The caulicle or 
as it is sometimes called the radicle pushes out through the seed 
coats and calyx, when the latter is still attached. It increases in 
length, finally the two slender needle like cotylodens are pushed 
out, at [first folded together, but they soon straighten out and 
expand. The succeeding small leaves are crowded and in this con­
dition the young plants resemble a young germinating pine. In 
some cases where the calyx has been removed the spiral unwinds 
as shown in sketches made by Mr. Carver. It is to be noticed in 
this connection that the young thistles are quite sensitive to drying 
influences and frost. In a state of nature they probably germinate 
early when there is sufficient moisture.
Vitality o f  Seed.—An important factor in the life of any plant 
is the power the seed has of retaining its vitality. So far as I am 
aware there are no data at hand showing how long the seed retains 
its vitality. The seeds of most weeds, especially annuals, have 
considerable vitality. But this vitality at most does not extend 
beyond four or five years. The majority of agricultural and other 
seeds soon lose their vitality, thus out of three hundred and sixty- 
eight species of plants experimented with by DeCandolle, the 
seeds of the Mallow, Bean, and Clover Families retain their vitality 
longest.
Not a single seed of the Mustard, Grass, Pink, and Carrot Fam­
ilies germinated after fifteen years. Beet and Spinage seed, plants 
related to the Russian Thistle, lose considerable of their vitality in 
a single year.
Some Russian thistle from Dakotas, kindly sent to me by Prof. 
Williams, of Brookings, South Dakota, Prof. Bolley, of Fargo, 
North Dakota, Mr. Scott, of Bismarck, and other correspondents 
seem to have lost much of their vitality in less than a year. The 
conditions that affect the vitality of seeds, are heat and moisture. 
The varying conditions of our weather must materially influence 
vitality. Seeds which have absorbed considerable moisture and 
especially when the protective coverings are thin as in this case, 
begin the process of germination. This proceeds rapidly in the
15
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P L A T E  IX .
F i g u r b  1. C ross-section th ro u g h  seed, a, ft d iffe ren t p a r ts  of th e  em bryo, c a  row o r  
c o lu m n a r  cells followed by sm a ll po lygonal cells, c, d  seed-coats. c filled w ith  c ry s ta ls  o f 
o x a la te  of lim e.
F i g u r e  2. A sing le  cell from  c. c o n ta in in g  c ry s ta ls , m ore m agnified.
F i g u r e  3. C ross-section of seed-coats and  a  p a r t  of em bryo, a  o u te r  r o w  of th in -  
w alled  e longated  cells, b la y e r  n ea rly  iso d iam etric  ce lls ,th inw a lied . c cells of em bryo.
F i g u r e  4. Surface view of cells of o u te r  seed coat.
F i g u r e  5. D ifferen t s ta g es of g erm in a tin g  seeds w ith  p a r t  of ca ly x  a tta c h e d , c c a u lic le  
from  w hich th e  ro o t o rig in a te s .
F i g u r e  6. A som ew hat la te r  stage.
F i g u r e  7. C oty ledons unfo lded .
F ig u res 5, 6 an d  7 d raw n  by  G. W. C arver. T he w rite r  ateo acknow ledges som e a s s is t­
ance  to  Mr. C a rv e r fo r w ork done on figures 1, 2, 3 and  4 of p la te  IX . 16
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Russian Thistle, unless the seeds are buried deeply in the soil the 
young plants will soon be destroyed. Many seeds may be 
destroyed in this way. But the beating rains and snows will cover 
them sufficiently to insure a sufficient number of seeds to sow fields. 
The depth at which seeds are covered will make considerable dif­
ference in germination. Seeds planted four inches failed to 
germinate, while the checks at one-half inch germinated in three 
■days.
We made some experiments to determine theHamount of dry 
heat Russian thistle seeds can stand, but these tests are somewhat 
unsatisfactory,because the seed had a low power of germination. In 
these experiments the seed was subjected to the same|degree of tem­
perature for different periods of time, five, ten, and fifteen minutes. 
78 ° c. (172. F.) destroyed, check germinated in three days; 40 ° c., 
42, 45, 51, 55 (104°, 107-6°, 113°, 123.8°, 131 °F .) not des­
troyed, checks and treated seed germinated, but not freely, check 
more freely than those heated; 58 °  c. (136.4 °  F.), onegerminated 
in fifteen minutes and two each of eight and ten. Check'also germin­
ated; 60 °c. (140 °F .) germinated, also check; 62 ®c. (143.6oF.) 
germinated slowly. At 68°c. for five, ten and fifteen’minutes, seed 
germinated. Also at 69, 70 and 71 °c. for that length of time. In 
all cases germination of treated plants was slower than’check. Too 
much reliance should not, however, be placed on these figures as 
all seed germinated poorly. It only indicates that the seed can 
stand considerable dry heat and that the thermal death point is 
between 71 and 78 * c. At some future time we shall report further 
studies along these lines.
The Department of Agriculture has recommended burning over 
«tubble and fields to destroy the seed, and we believe this to be 
very efficient as results show from some preliminary experiments 
made in the labratory. The dried calyx and attached parts 
burned slowly, but a small amount of fire caused them to crack, 
the embryo was thrown out in many cases. Oat of sixty-eight 
^seeds none, so treated, germinated.
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